Introduction
By 2030, the population over age 60 will have grown 3.5 times as rapidly as the total population. 1 Parkinson's disease (PD), an aging-related neurological disorder, is expected to double in prevalence by 2040. 2 In the US alone, economic impact of PD, including treatment, social security payments, and lost employment income, exceeded $14.4 billion in 2010. 2 Although PD is identified as a movement disorder, non-motor symptoms such as depression and cognitive deficits negatively affect quality of life and independence. [3] [4] [5] [6] Approximately 1 in 2 people with PD will develop comorbid depression (PD-Dep). [7] [8] [9] Depression has been found to be an independent predictor of poor quality of life in individuals with PD.
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sajatovic et al and anticholinergic effects. 14 Cognitive behavioral therapy (CBT) has been demonstrated to help some individuals with PD-Dep, but it may not be accepted by some older patients and lengthy CBT formats limit generalizability. [15] [16] [17] [18] [19] Cognitive deficits in PD may also impede engagement in psychotherapies that rely on psychological "homework".
Both aerobic and resistance exercise have been shown to be helpful for PD and for depression, independently. 9, 20, 21 Although the mechanisms for these exercise-induced improvements are not known, aerobic exercise has been shown to increase the levels of brain-derived neurotrophic factor (BDNF). 22 Serum levels of BDNF in those with PD-Dep are generally lower than that of healthy controls. 23, 24 A recent meta-analysis suggested that, although the current literature does not show strong support for exercise-based improvements in PD-Dep, further investigation is warranted. 25 However, reduced motivation, apathy, anxiety, low self-efficacy, fear of falling, and excessive sleepiness in people with PD and depression may be a significant barrier to engagement in exercise programs. [26] [27] [28] Therefore, there is a need to develop interventions that encourage and support adherence to exercise behaviors in this population.
Chronic disease self-management (CDSM) can improve the health and quality of life of people with multiple morbidities, including depression. [29] [30] [31] [32] [33] CDSMs are defined as behavioral interventions that reduce the negative consequences of chronic health conditions through medical management, maintenance or creation of new meaningful behaviors or life roles, and management of emotional reactions. 30 While specific elements of CDSM may vary, group education sessions 33 and health coaching are 2 formats in which selfmanagement among those with chronic health conditions can be implemented. 34 As an example, CDSM programs have been proven successful in reducing diabetes symptoms and hypertension in older adults. 32 However, the authors are not aware of any studies that have examined the benefits of group CDSM programs plus group exercise in individuals with PD-Dep.
Given the evidence base for CDSM, it seems reasonable that adding CDSM to an exercise approach for people with PD-Dep may help overcome barriers to exercise. To inform the development of an approach that is acceptable and practical for patients with PD-Dep, this study compared 2 experimental interventions that combined exercise and CDSM. The interventions were Enhanced EXerCisE thErapy for PD (EXCEED) versus self-guided exercise and self-management (SGE). EXCEED used individuals with PD-Dep to help deliver the intervention in a group format (peer-led), while SGE relied on detailed written materials, which people with PD-Dep accessed and used at their own pace. The primary aim of this study was to determine how each of these interventions altered depression and to determine participant acceptance and adherence to the interventions. An exploratory aim was to determine if factors of neural health and inflammation were altered after these interventions. While there were common elements to both interventions (exercise + CDSM), it was hypothesized that EXCEED, because of the more intensive social support and group format, 35, 36 would be associated with greater improvement in depression symptoms and greater adherence to the program than SGE.
Methods
EXCEED and SGE were assessed via a prospective, 6-month, randomized controlled trial in 30 patients with PD-Dep. At baseline, individuals were randomized ( Figure 1 ; 1:1 ratio) to either EXCEED (n=15) or SGE (n=15). The primary outcome was change in depression symptoms from baseline. Secondary outcomes included cognition, apathy, anxiety, sleep, quality of life, motor function, self-efficacy, and patient satisfaction. As an exploratory outcome related to possible mechanisms for changes in depression, selected biomarkers of inflammation (interleukin 6 [IL-6], tumor necrosis factor alpha [TNF-alpha]) and neuronal integrity (BDNF) were also examined.
Participants
Inclusion criteria were the following: 1) a diagnosis of idiopathic PD with Hoehn and Yahr stage III; 37 2) a diagnosis of unipolar major depression with a Montgomery-Asberg Depression Rating Scale (MADRS) 38 score 14; 3) the ability to walk independently; and 4) on a stable dose of PD medication for 2 weeks and antidepressant medication (if applicable) for 4 weeks prior to enrollment. The study was approved by the University Hospitals of Cleveland Institutional Review Board, and written informed consent was obtained from all the participants who were recruited from local medical practices and through community outreach. Medical clearance for exercise was obtained from primary clinicians. Exclusion criteria were 1) Mini-Mental State Examination (MMSE) 39 score of 24, 2) unstable cardiovascular disease, 3) high fall risk, or 4) other uncontrolled chronic conditions that would interfere with the safety and conduct of the protocol or interpretation of the results. 
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self-management for PD and depression was adapted from a successful program developed for PD 43 and consisted of 3 times/week sessions conducted at a local exercise facility. EXCEED included weekly group CDSM sessions with peer support and guided group exercise. The CDSM sessions were manualized, and emphasized problem identification and goal setting. The 1-hour-long group sessions with 7-8 PD-Dep patients were co-lead by a nurse educator with expertise in PD and a trained peer educator with PD-Dep. Detailed instruction manuals for the exercise program helped assure consistency, and exercise sessions were led by a certified personal trainer. 44 Exercise consisted of fast-paced, low-resistance cycling for 20 minutes followed by strength training for 20 minutes using a progressive sequence of resistance bands. After 12 weeks, individuals continued to exercise on their own, using either weight machines or resistance bands.
SGE participants had a single initial in-person group orientation to the same fitness facility followed by flexible and free access. Participants received detailed written instructions for the exercise program and access to the fitness instructor, as needed. Participants were asked to exercise at least 3 times per week and received weekly phone calls during the first 12 weeks to self-report on their exercise. In addition, they received the same CDSM information and were instructed to read and practice the CDSM materials at their own pace. 
Outcome measures
Participants were assessed at baseline, and 12 and 24 weeks. Depression, the primary outcome, was measured with the MADRS. To minimize rater bias, administration of the MADRS was video-recorded and scored by blinded raters. Secondary assessments measured general cognition (Montreal Cognitive Assessment, MoCA), 45 apathy (Apathy Scale), 46 anxiety (Covi Anxiety Scale), 47 self-efficacy (General SelfEfficacy Scale), sleep (Scales for Outcomes in PD -Sleep, SCOPA-Sleep), 48 and motor symptoms (Movement Disorders Society-Unified Parkinson's Disease Rating Scale-III, MDS-UPDRS-III). 49 MDS-UPDRS-III was assessed in the "ON" state within 2 hours after a dose of PD medication, was video-recorded, and scored by blinded raters.
Participant satisfaction was evaluated at weeks 12 and 24. Individuals in both groups rated the usefulness, comprehensiveness, perceived burden, and relevance of their assigned intervention along with patient satisfaction with timing, length, and number of sessions using a custom survey (Table 1 ).
This study also tested for markers of neuroprotection (BDNF) and inflammation (TNF-alpha, IL-6) at baseline, and at 12 and 24 weeks, as these can be affected by exercise and mood. 24, 50, 51 BDNF is proposed as a mechanistic biomarker for PD-Dep because its levels are generally lower in those with PD-Dep than that of healthy controls, 23, 24 and exercise has been shown to increase the levels of BDNF. 22 Blood samples were placed on ice and centrifuged within 30 minutes. Two aliquots were taken from the middle third of the plasma, and stored at −70°C. Plasma samples were assayed using commercial enzyme-linked immunosorbent assay (ELISA) per manufacturer instructions (Quantikine ® ELISA Human BDNF Immunoassay; R&D Systems, Minneapolis, MN, USA).
Elevated levels of cytokines are present in PD suggesting that inflammation may play a role in the pathophysiology of the disease. 52, 53 However, it has been suggested that the increase in IL-6 after moderate-intensity exercise promotes an anti-inflammatory response. 54, 55 In contrast, pro-inflammatory cytokines, like TNF-alpha, are reduced after moderate-intensity exercise. For TNF-alpha and IL-6, blood was allowed to clot for 30 minutes, and then centrifuged. Serum aliquots were stored at −70°C. Serum samples were assayed using commercial kits per manufacturer instructions (Quantikine ® HS ELISA Human IL-6 Immunoassay; R&D Systems).
sample size analysis
A priori sample size analysis was informed by MADRS change from baseline results from a previous self-management study conducted by these investigators. 41 For the primary depression outcome, a mean change of 12.08 points (standard deviation [SD] =7.01) on the MADRS was considered for those in the EXCEED arm. Moreover, we assume that the respective mean change for those in the control arm is 4.0, which is a large projected gain for a control. For a 2-sided test with alpha =0.05, and 15 subjects per arm, power will be 0.80 when the total sample size is 26. Attrition is estimated to be at most 10% based on the initial reaction to a preliminary implementation. Hence, a total sample of 30 subjects, even with expected attrition, should provide power 0.80.
Data analysis
Descriptive data analysis was performed using standard univariate techniques. Since types and formulations of PD drugs differed, L-dopa medication equivalents were standardized. Table 2 shows the baseline demographic and clinical characteristics of the participants. Mean age of the participants was 70 years. The majority were Caucasian men (63%). Participants were moderately depressed, with a mean MADRS score of 20.8. On average, onset of the first depressive episode was at least a decade prior to study participation, and 2 individuals had a history of suicide attempt. At baseline, 18 (60%) of 30 individuals were on antidepressants. Cognitive impairment was generally mild to moderate with a mean MMSE score at screening of 27.9 and an MoCA score at baseline of 22.9. Individuals had PD for approximately 7 years at baseline, and all used PD medication daily. Medical comorbidity was extensive, as noted by the self-reported Charlson Comorbidity Index.
Results
eXceeD versus sge group comparisons
The EXCEED and SGE groups had similar baseline demographic and clinical profiles, although the EXCEED group had PD for a slightly longer duration (7.3 years vs 6.4 years), were receiving higher doses of PD treatment, and had more extensive medical comorbidity (Table 2 ). Education and L-dopa dosage equivalent were significantly lower in the SGE group (P0.05). Longitudinal mood outcomes were similar between the groups. L-dopa equivalents received by individuals in EXCEED versus SGE group showed no significant changes. Antidepressant medication changes were modest and also similar between the groups. Four individuals had increases or additions to antidepressant medication before week 12 of the study (3 in SGE and 1 in EXCEED group). Two individuals had increases or additions to antidepressant medications after week 12 of the study (both in EXCEED group), and 1 individual had a reduction in antidepressant dose after week 12 of the study (EXCEED group). Both groups attended a similar number of exercise sessions (EXCEED: M =20.7, SD =8.1; SGE: M =22, SD =8.0). Three individuals dropped out of EXCEED, two due to unrelated health concerns and 1 due to schedule constraints ( Figure 1 ). One individual dropped out of SGE after week 11 due to arthritis pain, and 1 individual in SGE group was diagnosed with dementia and only completed a portion of the week 24 assessments. One participant in SGE group had a recurrence of lower back pain within 2 weeks of starting the exercise program. This individual did not continue the exercise, but completed the 12-and 24-week assessments.
The EXCEED participants were very satisfied with the social aspects of group attendance. They cited this as a major beneficial aspect of their program, and some of the participants continued to interact after study completion. Participants in SGE group found it relatively easy to fit exercise into their lives, while attending the fixed-time groups was challenging for some EXCEED participants. While no individuals in the EXCEED group attended all 12 sessions, 6 individuals attended either 10 or 11 sessions. Overall, both EXCEED (n=13/13, 100%) and SGE (n=11/13, 84.6%) participants agreed or strongly agreed that they found participation in the program to be useful. Similarly, groups found the benefit to be worth the burden of participating. Major criticisms for both groups were transportation and logistic difficulties in getting to the fitness center.
combined group therapeutic effects
As there were no outcome differences between the groups, the combined sample was then analyzed, which showed significant improvements in depression. Table 3 shows that the combined group (EXCEED + SGE) had significantly improved MADRS at 12-week follow-up. At 24-week follow-up, the group as a whole maintained improvements in MADRS (24 weeks: M =14.2, SD =8.5, t(25) =4.87, P0.001). Antidepressant drug use was relatively similar over the course of the trial. PD drug L-dopa equivalents showed no significant change (t(24) =−1.54, P=0.136) from baseline (M =702.1, SD =352.0) to week 24 (M =754.5, SD =432.8). There were no significant changes in apathy, anxiety, or self-efficacy, as noted in Table 3 . Night sleep quality on the SCOPA was slightly worse (P=0.03) at 24 weeks. In addition, global cognition as measured by the MoCA was modestly better for the combined data at 24 weeks (M =25.2, SD =5.1, t(25) =−2.56, P=0.017). There was no significant change in MDS-UPDRS-III over the 24 weeks.
There was a significant increase in plasma BDNF that corresponded to the initial 12-week "intensive" portion of the interventions (weekly groups for EXCEED and weekly check-in calls for SGE). At the 24-week follow-up, plasma BDNF was still significantly greater than baseline, but values decreased when compared to the 12-week data. There was a minimal change in IL-6 and in TNF-alpha. At baseline, 14 (46.7%) of 30 individuals had falls in the past 3 months. The incidence of falls decreased slightly, with 9 (30%) of 30 individuals reporting falls between baseline and 12-week follow-up and between 12-week and 24-week follow-up.
Discussion
In spite of the fact that depression is common in PD, worsens outcomes, and is the main contributor to poor health in PD, 58 there are few effective therapies for PD-Dep.
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In this prospective trial that combined 2 evidence-based approaches, exercise and CDSM elements, depressive outcomes improved. This study found no evidence that a group program was superior to an individualized program, although the social elements of the group format appeared important to patients with PD-Dep. Allowing individuals to exercise at their own pace using a manualized curriculum appeared practical and highly acceptable. While this study has important methodological limitations, findings suggest some clinically relevant interpretations. Consistent with the initial hypothesis, individuals with PD-Dep who participated in exercise plus CDSM had improvement in depression. Though depression in PD may be 
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self-management for PD and depression related to the psychological distress of having a progressive neurological disease, there is growing evidence for a possible neurobiological link between depression and PD. Depression appears to be relatively common among individuals who later develop PD 59 and may represent a prodromal non-motor symptom of PD. Given strong clinical relevance of a care approach that can improve PD-Dep, a consideration for future work might include using exercise + CDSM in newly diagnosed individuals with PD.
In contrast to the original expectations, the authors did not find that group format leads to superior outcomes in PD-Dep. It is possible that individuals who agree to participate in a research study may be more motivated to participate in both exercise and CDSM than the general population of people with PD-Dep, which could explain why the SGE participants did so well. Alternatively, being able to exercise at times that are most convenient may be an advantage for individuals with PD, who may have driving or other transportation limitations. The findings also suggest that group input and peer education provide helpful and important social support. A possible real-world model of care that is informed by the findings might involve individuals with PD-Dep being able to access fitness centers in their community (using the manualized SGE format) while participating in CDSM. This format is being investigated by the study team.
Patients with PD are at a greater risk of dementia compared to the general population, and the presence of mild cognitive impairment early in the course of PD predicts a highly increased risk of dementia. 60 In this trial, a modest improvement in cognition in both EXCEED and SGE participants was observed over the course of 24 weeks, although specific cognitive assessments did not show improvement. It is possible that change in cognition could have been accounted for by improvement in depression severity. Given the paucity of interventions that are known to specially improve cognition in PD, 61 future work on this topic in patients with PD-Dep is needed.
This study did show a significant increase in plasma BDNF after the intervention. Plasma BDNF levels have been shown to correlate with PD disease duration and motor performance. 62 The findings are consistent with previous literature which show that exercise increases the levels of BDNF and contributes to brain health. 22, 63, 64 This suggests that changes in the levels of BDNF may contribute to improvements in depression symptoms and global cognition. Although it was anticipated that markers of inflammation (IL-6 and TNF-alpha) would decrease, there was no change after the exercise intervention.
Limitations of this study include small sample size, relatively short duration, single-site location, low representation of minorities, and the fact that this study did not compare exercise alone versus CDSM alone. These findings may not generalize to PD patients with more advanced disease. The randomized design and use of raters blind to randomization assignment are strengths that minimize some of these limitations. Future studies should include a true control arm and a more ethnically diverse sample. In conclusion, a care approach that combines exercise plus CDSM elements may be associated with reduced depressive symptoms in people with PD-Dep. Further studies are needed to investigate how evidence-based approaches to manage depression in people with aging-related neurological conditions like PD might be implemented in real-world or community settings. 
